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(57) ABSTRACT

A dispersion compensation type optical signal receiving
apparatus includes: an APD element for converting input
signal light inputted from a transmission line mto an electric
signal; an amplitying device constituted with a preamplifier
circuit and a limit amplifier circuit, which amplifies the elec-
tric signal converted by the APD element; an EDC IC for
compensating the dispersion in the transmission line electri-
cally; and a clock/data reproducing circuit for reproducing
the clock and data signal contained in the input signal light,
wherein there 1s provided a VOA for limiting the amplitude of
the mput signal light inputted to the APD element and an
attenuation amount controlling circuit for controlling the
attenuation amount of the VOA 1n accordance with the bias
current of the APD element.

9 Claims, S Drawing Sheets
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DISPERSION COMPENSATION TYPE
OPTICAL SIGNAL RECEIVING APPARATUS,
RECEIVING CIRCUI'T, RECEIVING
METHOD, AND RECEIVING PROGRAM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a dispersion compensation
type optical signal receiving apparatus used for optical com-
munications and, more specifically, to a dispersion compen-
sation type optical signal receiving apparatus, a receiving
circuit, a receiving method, and a recerving program, which
are capable of avoiding saturation of a limiter amplifier cir-
cuit.

2. Description of the Related Art

The refractive index of the core of the optical fibers differs
depending on the wavelength, so that light 1s propagated at a
different speed 1n accordance with 1ts wavelength. This phe-
nomenon 1s called dispersion, and the reaching time of the
light to a receiver differs for each wavelength because of this
phenomenon. Thus, the waveform of an optical signal at the
input of the receiver 1s distorted, and the pulse width 1s wid-
ened, thereby deteriorating the recerving quality. In order to
compensate the dispersion optically, 1t 1s common to offset
the dispersion by adding a dispersion compensation fiber that
has a reversed characteristic with respect to that of the optical
fiber of that transmission line. However, recently, an elec-
tronic dispersion compensation (EDC) IC, which performs
dispersion processing aiter converting an optical signal to an
clectric signal, has been put into practical use, and it has
become possible to compensate the dispersion economically.

FIG. 4 shows a circuit block diagram of a conventional
optical recerver. Further, FIG. 5 shows a circuit block diagram
ol an optical recerver that includes a conventional electronic
dispersion compensation (referred to as EDC hereinatter) IC.
In FIG. 4 and FIG. §, reference numeral 102 1s a photocurrent
monitoring circuit, 103 1s an APD (Avalanche Photodiode)
clement, 104 A (204A) 1s an preamplifier circuit, and 1048
(204B) 1s a limit amplifier circuit.

Further, reference numeral 106 (206) indicates an APD
module that 1s constituted with the APD element 103, the
preamplifier circuit 104A, and the limit amplifier circuit
104B. Reference numeral 107 1s an EDC (electronic disper-
sion compensation) IC, 108 1s a clock/data reproducing cir-
cuit (referred to as CDR hereinaiter), and 204B 1s an AGC
(Automatic Gain Control) amplifier circuit.

An optical input signal propagated through the optical fiber
1s photoelectric-converted 1nto a current signal at the APD
clement 103, which 1s then converted to a voltage signal at the
preamplifier circuit 104A. Then, it 1s amplified at the limit
amplifier circuit 1048, which 1s then nputted to the CDR
(clock/data reproducing circuit) 108 as a differential voltage
signal to reproduce a clock and data.

As shown 1n FIG. §, the EDC (electronic dispersion com-
pensation) IC 107 1s provided between the output of the APD
module 206 and the mput of the CDR 108. As described
above, the EDC (electronic dispersion compensation) 1C 107
1s an IC for correcting the wavetorm distortion caused due to
the pattern effect that 1s generated because the signal light
transmitted through the optical fiber for a long distance 1s
propagated at ditlerent speeds depending on the wavelength
thereot. This EDC IC 107 serves a function of correcting the
influence of several bits before and after a certain bit. Thus,
the information regarding how the wavetorm is distorted after
the long-distance transmission 1s important.
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The limit amplifier circuit 104B has a certain gain and
serves a function of amplifying the voltage signal. However,
when the input signal light becomes more than a certain
power, the output amplitude of the limit amplifier circuit
104B becomes saturated to be a certain amplitude. Thus, 1n an
area where the output amplitude 1s saturated, the output wave-
form becomes different from the mput waveform and the
information of the waveform affected by the pattern effect
after the long-distance transmission 1s lost. Thus, the EDC IC
107 does not function properly. Therefore, the effect of the
EDC IC 107 cannot be utilized fully, and the CDR (clock/data
reproducing circuit) 108 provided thereafter cannot repro-
duce the clock and data accurately.

Thus, when using the EDC, as shown mn FIG. §, 1t 1s
common to use the AGC amplifier circuit 204B instead of the
limit amplifier circuit 104B to decrease the gain when the
mput power 1s large, so that the output amplitude 1s not
saturated. It 1s possible with the use of the AGC amplifier
circuit 204B to control the gain to be decreased when the
input level 1s high, and to be increased when the input level 1s
low. Therefore, even i1 the input light level 1s high, the input
wavelorm can be amplified in that form and the waveform
distortion after the long-distance transmission can be main-
tained. Thus, the EDC can exhibit the effect thereof.

However, it 1s necessary for the AGC amplifier circuit
204B to be designed 1n such a manner that there 1s no change
in the band even 1 there 1s a change 1n the gain. Practically, the
AGC amplifier circuit 204B that operates at 10 Gbps 1s still
not very common, and 1t 1s hard to expect when the circuit of
40 Gbps can be achieved.

Conventionally, there 1s reported a light receiving circuit
that comprises a variable optical attenuator in the middle of an
input line of an optical recerver for an optical input signal, 1n
which the attenuation amount of the variable optical attenu-
ator 1s changed 1n accordance with the detection result of a
bias current of the light recerving circuit (Japanese Unexam-
ined Patent Publication 04-275468 (Patent Literature 1)).

However, the light receiving circuit disclosed in Patent
Literature 1 1s for attenuating the input signal light so that the
signal light of more than a threshold value (the maximum
overload) that can be received by the light receiving circuit
cannot be inputted. Thus, 1in terms of the object and the effect,
it 1s different from the receiver of the present invention which
allows the electronic dispersion compensation function to be
tully utilized by limiting the signal light power that can be
received without any trouble by a conventional receiver
whose limit amplifier provided therein 1s saturated.

SUMMARY OF THE INVENTION

The object of the present invention therefore 1s to provide
a dispersion compensation type optical signal receiving appa-
ratus that 1s constituted in such a manner that the wavetform of
the recerved optical iput signal 1s not distorted and 1s mput-
ted to an EDC (electronic dispersion compensation) IC even
if the input level of the optical signal 1s high, which thereby 1s
capable of performing effective dispersion compensation by
the electronic dispersion compensation IC, as well as provid-
Ing a receiving circuit, a recerving method, and a receiving
program thereof.

In order to achieve the alorementioned object, the disper-
s10n compensation type optical signal receiving apparatus of
the present invention comprises: a photoelectric converting
device for converting input signal light inputted from a trans-
mission line into an electric signal; an amplifying device for
amplifying the electric signal converted by the photoelectric
converting device; an electronic dispersion compensation
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device for electrically compensating the dispersion in the
transmission line; and a signal reproducing device for repro-
ducing clock and data from the 1nput signal light. The disper-
s10n compensation type optical signal receiving apparatus 1s
provided with: a variable optical attenuation device which
operates to limit a power of the input signal light, when the
power of the input signal light inputted to the photoelectrical
converting device 1s larger than a predetermined reference
value; and an attenuation amount controlling device for con-
trolling an attenuation amount of the variable optical attenu-
ation device based on the bias current of the photoelectrical
converting device.

Through controlling the attenuation amount of the variable
optical attenuation device 1in accordance with the bias current
of the photoelectric converting device, 1t 1s possible to prevent
the loss of the mmformation on the influence of the long-
distance transmission that 1s caused because the mput signal
wavelorm 1s distorted by the saturation of the amplifying
device. Therefore, the electronic dispersion compensation
can be performed properly in the electronic dispersion com-
pensation device, and the clock and data can be reproduced
properly 1n the signal reproducing device.

It 1s noted that the variable optical attenuation device, the
photoelectric converting device, and the amplifying device,
described above, may be formed 1n an integrated manner.

Further, the dispersion compensation type optical signal
receiving apparatus of the present mvention comprises: a
photoelectric converting device for converting input signal
light inputted from a transmission line into an electric signal;
an amplifying device for amplifying the electric signal con-
verted by the photoelectric converting device; an electronic
dispersion compensation device for electrically compensat-
ing the dispersion in the transmission line; and a signal repro-
ducing device for reproducing clock and data from the mnput
signal light.

Furthermore, the dispersion compensation type optical sig-
nal recerving apparatus also comprises: an input optical signal
level detecting device for detecting the power of the mput
signal light mputted to the above-described photoelectric
converting device; a variable optical attenuation device which
operates to limit the power of the input signal light, when the
power of the 1input signal light inputted to the photoelectrical
converting device 1s larger than a predetermined reference
value; and an attenuation amount controlling device for con-
trolling an attenuation amount of the variable optical attenu-
ation device 1 accordance with an output of the input optical
signal level detecting device.

With this, it becomes possible to obtain an electronic dis-
persion compensating recerving device with which the fol-
lowings can be achieved. That 1s: through controlling the
attenuation amount of the variable optical attenuation device
in accordance with the output of the input optical signal level
detecting device, it becomes possible to prevent the loss of the
information on the influence of the long-distance transmis-
sion that 1s caused because the mput signal waveform 1s
distorted by the saturation of the amplifying device; the elec-
tronic dispersion compensation can be performed properly;
and the clock and data can be reproduced properly in the
signal reproducing device.

It 1s noted that the photoelectric converting device and the
amplifying device described above may be integrally formed
into an integrated circuat.

Further, the photoelectric converting device may be con-
stituted with an APD element. With this, it becomes highly
sensitive so that it 1s possible to detect weak input signal light.

Furthermore, the photoelectric converting device may be
constituted with a PIN photodiode element.
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Further, the optical receiving circuit of the present inven-
tion comprises: a photoelectric converting device for convert-
ing input signal light inputted from a transmission line into an
clectric signal; an amplifying device for amplifving the elec-
tric signal converted by the photoelectric converting device;
and a variable optical attenuation device provided for limiting
a power of the mput signal light inputted to the photoelectric
converting device, based on a control signal from outside.

When this optical recerving circuit 1s mounted to a conven-
tional dispersion compensation type optical signal recerving
apparatus, for example, 1t can provide an advantage for that
dispersion compensation type optical signal receiving appa-
ratus to operate i such a manner that the variable optical
attenuation device can function effectively and deal with the
optical signal of a large power elffectively.

Further, the dispersion compensation type optical signal
receiving method of the present invention comprises the steps
ol: a photoelectric converting step for converting input signal
light inputted from a transmission line into an electric signal
and amplifying the electric signal; an electronic dispersion
compensating step for electrically compensating dispersion
in the transmission line, targeted at a recerving signal that
corresponds to the iput signal light that 1s converted into the
clectric signal and amplified; a signal reproducing step for
reproducing a clock and data from the recerving signal to
which dispersion compensation 1s performed; and a variable
optical attenuation step which 1s performed prior to an execu-
tion of the above-described photoelectric converting step to
limit the power of the input signal light, when the power of the
input signal light inputted to the photoelectrical converting
device 1s larger than a predetermined reference value.

Furthermore, the signal processing program for receiving
an optical signal according to the present invention allows a
computer to execute: a power comparing function for com-
paring a power of a detected input signal light that 1s inputted
from an optical transmission line with a predetermined refer-
ence value; a light input/passing permitting function for send-
ing the input signal light to the photoelectric converting
device, when the power of the detected input signal light 1s
within the reference value; and a light attenuation control
function for sending the input signal light to the photoelectric
converting device alter attenuating the power of the input
signal light to a reference threshold value through drive-
controlling a vaniable optical attenuation device that 1is
mounted 1n advance, when the amplitude level of the detected
input signal light 1s over the reference value.

The present invention can provide an excellent dispersion
compensation type optical signal recerving apparatus, a
receiving circuit, a receiving method, and a receiving pro-
gram, which have not been achieved conventionally. It 1s
possible with the above-described structures of the present
invention: to eliminate the risk of loosing the information
indicating the influence of the long-distance transmission
caused due to the distortion in the wavetorm of the recerved
input signal light by saturation of the amplitying device, even
when the input level of the optical signal 1s high; to transmit
the accurate wavelorm of the input signal light to the EDC
(electronic dispersion compensating) IC; and to reproduce
the data and clock accurately by the reproducing device.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a circuit block diagram for showing an embodi-
ment of the present invention;

FIG. 2 1s a flowchart for illustrating the operation of the
embodiment shown 1n FIG. 1;
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FIG. 3 1s a circuit block diagram for showing another
embodiment of the present invention;

FI1G. 4 1s a circuit block diagram of a conventional case; and

FIG. 5 15 a circuit block diagram of another conventional
case.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

An embodiment of the present invention will be described
hereinafter by referring to the accompanying drawings.

Structure

The overall constitution will be described first, and the
specific structures will be described thereatter.

First, the dispersion compensation type optical signal
receiving apparatus according to this embodiment comprises:
an APD (Avalanche Photodiode) element 3 as a photoelectric
converting device for converting the input signal light input-
ted from an optical transmission line 100 1nto an electric
signal; an amplitying device 4 for amplifying the electric
signal that 1s converted by the APD element (photoelectric
converting device) 3; an EDC (Electronic Dispersion Com-
pensation) IC 7 as an electronic dispersion compensation
device for electrically compensating the dispersion in the
optical transmission line 100; and a clock/data reproducing
circuit (CDR) 8 as a signal reproducing device for reproduc-
ing the signal of the data and the like contained in the mput
signal light. The amplifying device 4 i1s constituted with a
preamplifier circuit 4A and a limit amplifier circuit 4B 1n this
embodiment.

The dispersion compensation type optical signal recerving,
apparatus according to this embodiment further comprises: a
VOA (Vanable Optical Attenuator) 1 as a variable optical
attenuation device that 1s provided with a function of limiting
the power of the input signal light by operating when the
power of the input signal light inputted to the above-described
APD (photoelectric converting device) element 3 1s larger
than a predetermined reference value; and an attenuation
amount controller 9, as an attenuation amount controlling
device, for controlling the attenuation amount of the above-
described VOA (variable optical attenuator) 1 1n accordance
with the bias current of the APD element (photoelectric con-
verting device) 3 described above.

In this embodiment, the above-described VOA (variable
optical attenuation device) 1, the APD element (photoelectri-
cal converting device) 3, and the amplifying device 4 are put
into an APD module and formed integrally. Thus, the circuits
are 1ntegrated into a constitution that can be easily used as a
light receiving circuit (APD module 6), so that the entire
apparatus can be reduced in size by mounting it. Further, the
above-described photoelectric converting device may be con-
stituted with a PIN photodiode 1nstead of the APD element 3.

This will be described 1n more details hereinafter.

This embodiment 1s characterized in that the dispersion
compensation type optical signal receiving apparatus that
includes the limit amplifier circuit 4B 1s so structured that the
clectronic dispersion compensation by the electronic disper-
sion compensation (EDC) IC, as an electronic dispersion
compensation device, can be executed properly as will be
described later, even 1n an input power area where the limait
amplifier 1s supposed to saturate because the input signal light
power 1s high. This will be described 1n detail by referring to
the drawing.

FIG. 1 1s a block diagram of the dispersion compensation
type optical signal receiving apparatus according to the
embodiment.
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In FIG. 1, reference numeral 1 indicates a VOA (Variable
Optical Attenuator) as a variable optical attenuation device,
reference numeral 2 indicates a photocurrent monitoring cir-
cuit, and reference numeral 3 1indicates an APD (Avalanche
Photodiode) element as a photoelectric converting device.
Further, as described above, reference numeral 4 A indicates a
preamplifier circuit and reference numeral 4B indicates a
limit amplifier circuit. The amplifying device 4 1s constituted
with the limit amplifier circuit 4B and the preamplifier circuit

4A.

Referring to FIG. 1, when the power of the signal light
inputted to the APD module 6 1s large, the VOA (variable
optical attenuator) 1 attenuates it to be lower than a prescribed
reference level. The above-described attenuated signal light 1s
converted to an electric signal by the APD element (photo-
clectric converting device) 3, which 1s then converted to a
voltage signal by the preamplifier circuit 4 A and amplified by
the limit amplifier circuit 4B. The actions up to this are the
operations of the APD module 6. The output of the APD
module 6 1s inputted to the EDC (electronic dispersion com-
pensation device) IC 7 to recerve electronic dispersion com-
pensation, which 1s then inputted to the clock/data reproduc-
ing circuit 8 where the data and clock in the optical signal 1s
reproduced.

As described above, the EDC (electronic dispersion com-
pensation device) IC 7 1s an IC for correcting the waveform
distortion caused due to the pattern effect of the signal light
transmitted for a long distance, serves a function of correcting
the mfluence of several bits before and after a certain bit.
Thus, the information regarding how the waveform 1s dis-
torted after the long-distance transmission 1s important.

The limit amplifier circuit 4B has a certain gain and serves
a function of amplifying the electric signal. However, when
the power of the mput signal light becomes more than a
threshold value, the output amplitude thereof becomes satu-
rated to be a certain amplitude. Thus, 1n an area where the
output amplitude 1s saturated, the output wavelform becomes
different from the input wavetorm and the information of the
wavelorm affected by the pattern effect after the long-dis-
tance transmission 1s lost. Thus, the EDC (electronic disper-
s1on compensation device) IC 107 does not function properly.

Thus, 1t 1s common to use the AGC amplifier circuit (12 1n
FIG. 4) instead of the limit amplifier circuit 4B to decrease the
gain when the input power 1s large, so that the output ampli-
tude 1s not saturated. However, 1t 1s necessary for the AGC
amplifier circuit to be designed in such a manner that there 1s
no change 1n the band even 1f there 1s a change 1n the gain.
Practically, the AGC amplifier circuit that operates at 10 Gbps
1s still not very common, and it 1s st1ll more difficult when the
corresponding frequency becomes higher.

With the use of the above-described AGC amplifier circuit,
it 1s possible to control the gain to be decreased when the input
1s large, and increased when the mput 1s small. Thus, the
wavelorm mputted to the AGC amplifier circuit can be ampli-
fied by keeping that form even if the input light 1s high.
However, in the case with the limit amplifier that 1s used 1n
general, the output amplitude 1s saturated when the mput
becomes more than a certain level, and the wavelform changes
at that time. In such a case, the EDC (electronic dispersion
compensation device) IC 7 cannot provide the effect thereof.

In order to overcome this 1ssue, 1n this embodiment, the
VOA (vanable optical attenuator) 1 1s mounted before the
APD element 3 to attenuate the power (attenuate the extent of
the amplitude) of the mput signal light that may saturate the
limit amplifier circuit 4B. With this, 1t 1s possible to control
the limit amplifier circuit 4B not to be saturated, so that the
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EDC (electronic dispersion compensation device) IC 7 can
perform dispersion compensation properly.

Reference numeral 2 indicates a photocurrent monitoring
circuit for detecting an electric current flown 1n the APD
clement 3. The photocurrent monitoring circuit 2 functions in
such manner that the output value becomes proportional to
the output voltage of the preamplifier circuit 4A. Reference
numeral 9 indicates an attenuation amount controlling circuit
(attenuation amount controller) provided along with the VOA
(variable optical attenuator) 1. The attenuation amount con-
trolling circuit 9 controls the attenuation amount of the above-
described VOA 1 based on the photocurrent value detected by
the photocurrent monitoring circuit 2.

Specifically, the above-described attenuation amount con-
trolling circuit 9 comprises: a power comparing function for
comparing the power data of the detected mput signal light
that 1s mputted from the optical transmission line with the
reference value that 1s set in advance; a function of sending
the 1input signal light to the photoelectric converting device
when the power data of the detected mput signal light 1s
within the reference value; and a function of sending the
inputted signal light to the photoelectric converting device
alter attenuating the power thereof to the reference value
(threshold value) by drive-controlling the variable optical
attenuation device that 1s provided in advance, when the

power of the detected mput signal light exceeds the reference
value (threshold value).

Description of Operation

Next, the operation of the embodiment will be described by
referring to FIG. 1 and FIG. 2. The basic procedures of the
steps will be described first. Then, the procedures will be
described more specifically thereatter.

First, the input signal light inputted from the optical trans-
mission line 100 1s converted to an electric signal by the APD
clement 3, and 1t 1s amplified by the amplifier circuit 4 (a
photoelectric converting step). Next, the electronic dispersion
compensation (EDC) IC 7 performs the electronic dispersion
compensation targeted at a recerving signal that corresponds
to the input signal light (being converted to the electric signal
and amplified) so as to compensate the dispersion in the
optical transmission line 100 electrically (an electronic dis-
persion compensating step). Then, the clock and data 1s repro-
duced 1n the CDR 8 provided at a latter stage (a signal repro-
ducing step).

As described above, the VOA (variable optical attenuator)
1 1s mounted on the light mput side of the above-described
APD element 3. The VOA 1 operates to limit the power of the
input signal light inputted before the execution of the photo-
clectric conversion, when the power of the input signal light
exceeds a prescribed threshold value (a varnable optical
attenuating step).

This will be described 1n detail hereinatter.

The signal light transmitted for a long distance 1s inputted
to the APD module 6 (step S101), and the power of the signal
light 1s detected by the APD element 3. The level detection
signal of this case 1s detected by the photocurrent monitoring
circuit 2 and sent to the attenuation amount controlling circuit
9 where the power of the input signal light 1s compared with
the reference value as will be described later (step S102).
Then, when the power of the input signal light 1s less than the
reference value, the attenuation amount controlling circuit 9
suppresses the attenuation amount of the VOA (variable opti-
cal attenuator) 1 to perform attenuation for only about the
coupling loss, and sends the signal light to the APD element

3 thereaftter (step S103).
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V.-,<1nFIG. 1 1s a bias voltage applied to the APD element
3, and 1t 1s set at a voltage value for providing a good receiving
sensitivity (a voltage for providing current increase magnifi-
cation “M=107). Further, the photocurrent monitoring circuit
2 1s a circuit for detecting an electric current flowing to the
APD element 3, and the value thereof 1s proportional to the
output voltage of the preamplifier circuit 4A. As described
above, the attenuation amount controlling circuit (attenuation
amount controller) 9 comprises a function of controlling the
attenuation amount of the VOA (variable optical attenuator) 1
based on the photocurrent value detected by the photocurrent
monitoring circuit 2.

Next, an example (specific example) of the attenuation
amount control will be described 1n detail.

The value of photocurrent 1,,, can be expressed by a
following expression (1), and the output amplitude V of the
limit amplifier circuit 4B can be expressed by an expression

(2).

|Expression 1]

ePnA (1)

hC 20

lapp =

|Expression 2]

Vep = 21appRf
25

(2)

where, ¢ 1s the charge density, P 1s the mput light power, n
1s the quantum efficiency, A 1s the wavelength, h 1s Plank
constant, ¢ 1s the light velocity, M 1s the current increase
magnification of the APD element, and R{ 1s the trans imped-
ance.

Assuming now thatn=0.7, A=1550 nm, M=10, R1=2.2 k€2,
and the saturation voltage of the limit amplifier circuit 4B 1s
650 mV, the limit amplifier circuit 4B 1s saturated when the
power of —17.7 dBm or more 1s inputted.

In this area where the output amplitude 1s saturated, the
wavelorm becomes different from the input wavetform and
the information of the wavetorm affected by the pattern etfect
after the long-distance transmission 1s lost. Therefore, the
EDC (electronic dispersion compensation) IC 7 does not
function properly.

Thus, for example, the attenuation amount controlling cir-
cuit 9 performs a control (step S104) so that the output of the
VOA 1 becomes always —20.0 dBm when the power of more
than —20.0 dBm 1s mputted to the VOA (variable optical
attenuator) 1. With this, the limit amplifier circuit 4B can
operate without being saturated. Thus, for the dispersion
compensating operation by the EDC (electronic dispersion
compensating) IC 7, the dispersion compensation effect can
be obtained properly.

Then, the input signal light passed through the VOA (vari-
able optical attenuator) 1 1s photoelectric-converted by the
APD element 3 and amplified by the amplifying device 4 as
described above (step S105), and the dispersion 1n the optical
transmission line 100 1s electrically compensated by the EDC
(electronic dispersion compensating) 1IC 7 (step S106: an
clectronic dispersion compensating step). The signal of the
data or the like contained 1n the recerving signal whose dis-
persion 1s compensated 1s to be reproduced 1n the clock/data
reproducing circuit 8 as a signal reproducing circuit and out-
putted therefrom (step S107: a signal reproducing step).

As described above, 1t 1s possible to use the limit amplifier
circuit 4B 1n an area where 1t 1s not saturated, through pro-
viding the VOA (variable optical attenuator) 1 within the APD
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module 6. Therefore, the effect of the EDC (electronic dis-
persion compensation) IC 7 can be secured also in an area
where the mput signal light 1s high.

The following functions in each of the above-described
feature contents may be put into a program to be executed by
a computer. The functions are: the power comparing function
for comparing the power data ol the detected input signal light
that 1s inputted from the optical transmission line 100 with the
reference value (threshold value) that 1s set in advance; the
optical input/passing permitting function for sending the
input signal light to the photoelectric converting device (APD
clement 3) when the power data of the detected input signal
light 1s within the reference value; and the optical attenuation
control function for sending the inputted signal light to the
photoelectric converting device (APD element 3) after
attenuating the power thereotf to the reference value (thresh-
old value) by drive-controlling the variable optical attenua-
tion device (VOA: variable optical attenuator) that 1s provided
in advance, when the power of the detected input signal light
1s over the reference value (threshold value).

In this way, 1t 1s possible to achieve complete prevention of
having such an inconvenience that the information regarding,
the intluence of the long-dlstance transmission 1s lost because
the mput signal wavetorm 1s distorted by saturation of the
amplifying device 4.

Further, the APD element 3 1s highly sensitive, so that weak
input signal light can be detected.

In the above-described embodiment, the APD element 3 1s
used as the photoelectrical converting device. However, the
same elffect can also be obtained by using a PIN photodiode
clement instead of the APD element 3.

Further, through controlling the attenuation amount of the
variable optical attenuation device 1in accordance with the
bias current of the APD element (photoelectric converting,
device) 3, 1t 1s possible to prevent the loss of the information
that shows the influence of the long-distance transmission
which 1s caused due to the distortion of the mnput signal
wavelorm by the saturation of the amplitying device 4. There-
fore, proper dispersion compensation can be performed by
the electronic dispersion compensation device 7, so that the
clock and the data signals or the like of the data, etc. can be
reproduced by the signal reproducing device highly accu-
rately.

Another Embodiment

Next, another embodiment of the present invention will be
described by referring to FIG. 3. It 1s noted that the same
reference numerals are applied to the structural members that
are the same as those of the above-described embodiment
shown in FIG. 1 and FIG. 2.

Like the case ofthe above-described embodiment shown in
FIG. 1, the dispersion compensation type optical signal
receiving apparatus of another embodiment shown 1n FIG. 3
comprises: an APD element 3 as a photoelectric converting
device for converting the input signal light that 1s mnputted
through an optical transmission line 100 1nto an electric sig-
nal; an amplifying device 4 for amplifying the electric signal
that 1s converted by the APD element (photoelectric convert-
ing device) 3; an EDC IC 7 as an electronic dispersion com-
pensation device for compensating the dispersion in the opti-
cal transmission line electrically; and a clock/data
reproducing circuit (CDR) 8 as a signal reproducing device
for reproducing a signal of the data and the like contained 1n
the input signal light. Among those, the amplifying device 4
of this embodiment 1s constituted with a preamplifier circuit
4A and a limit amplifier circuit 4B as shown 1n the drawing.
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The dispersion compensation type optical signal receiving,
apparatus according to this embodiment further comprises: a
VOA (Variable Optical Attenuator) 1 as a varniable optical
attenuation device that 1s provided with a function of limiting
the power of the input signal light by operating when the
power of the input signal light inputted to the above-described
APD (photoelectric converting device) element 3 1s larger
than a predetermined reference value; an input optical signal
level detecting device 10 for detecting the power of the input
signal light that 1s fed through the optical transmission line
100; and an attenuation amount controlling circuit 9 as an
attenuation amount controlling device for controlling the
attenuation amount of the VOA (variable optical attenuator) 1
in accordance with the power of the input signal light detected
by the 1input optical signal level detecting device 10.

This embodiment 1s distinctive 1n respect that the variable
optical attenuation device (VOA: varniable optical attenuator)
1 of the above-described embodiment shown in FIG. 1 1s
mounted outside the APD module 6. At the same time, this
embodiment 1s constituted 1n such a manner that: an optical
coupler 10A for branching the input optical signal 1s mounted
on the light input side of the VOA (variable optical attenuator)
1; a photodiode 10B i1s provided for detecting the optical
signals branched by the optical coupler 10A; and the attenu-
ation amount controlling circuit 9 described above functions
based on the output of the photodiode 10B for drive-control-
ling the variable attenuation device (VOA) 1.

The above-described photodiode 10B functions as a sensor
for monitoring the power that 1s inputted to the VOA 1.
Further, the mput optical signal level detecting device 10 1s
constituted with the photodiode 10B and the optical coupler
10A.

Other structures and the operation effect thereof are the
same as those of the embodiment shown 1n FIG. 1.

In addition to the above-described embodiments, the
present invention can be used widely as a receiving device for
the optical communications.

What 1s claimed 1s:

1. A dispersion compensation type optical signal recerving
apparatus, comprising:

a photoelectric converting device for converting input sig-
nal light inputted from a transmission line 1nto an elec-
tric signal;

an amplitying device for amplifying the electric signal
converted by the photoelectric converting device;

an electronic dispersion compensation device for electri-
cally compensating dispersion 1n the transmission line,
targeted at a recerving signal that corresponds to the
input signal light that 1s converted 1nto the electric signal
and amplified;

a signal reproducing device for reproducing clock and data
from the receiving signal to which dispersion compen-
sation 1s performed;

a variable optical attenuation device which operates to
limit a power of the mput signal light iputted to the
photoelectric converting device; and

an attenuation amount controlling device for activating the
variable optical attenuation device when the power of
the input signal light 1s larger than a reference value with
which an output amplitude of the amplifying device does
not saturate, and controlling an attenuation amount of
the variable optical attenuation device based on an out-
put value outputted by a level detecting device 1n pro-
portion to an output voltage of the amplitying device.

2. The dispersion compensation type optical signal recerv-
ing apparatus as claimed in claim 1, wherein the level detect-
ing device of the attenuation amount controlling device out-
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puts an output value as the output value for controlling the
attenuation amount of the variable optical attenuation device
in accordance with a bias current of the photoelectric con-
verting device.

3. The dispersion compensation type optical signal recerv-
ing apparatus as claimed in claim 1, wherein the level detect-
ing device of the attenuation amount controlling device out-
puts an output value as the output value for controlling the
variable optical attenuation device 1n accordance with a sig-
nal level of the inputted 1nput signal light.

4. The dispersion compensation type optical signal recerv-
ing apparatus as claimed in claim 1, wherein the variable
optical attenuation device 1s integrally formed into an integral
circuit, including the photoelectric converting device and the
amplifving device.

5. The dispersion compensation type optical signal receiv-
ing apparatus as claimed 1n claim 1, wherein the photoelectric
converting device 1s an APD (Avalanche Photodiode) ele-
ment.

6. The dispersion compensation type optical signal receiv-
ing apparatus as claimed in claim 1, wherein the photoelectric
converting device 1s a PIN photodiode element.

7. An optical recerving circuit, comprising:

a photoelectric converting device for converting input sig-
nal light inputted from a transmission line into an elec-
tric signal;

an amplifying device for amplifying the electric signal
converted by the photoelectric converting device;

a variable optical attenuation device provided for limiting,

a power of the input signal light inputted to the photo-
clectric converting device; and

an attenuation amount controlling device for activating the
variable optical attenuation device when the power of
the input signal light 1s larger than a reference value with
which an output amplitude of the amplitying device does
not saturate, and controlling an attenuation amount of
the variable optical attenuation device based on an out-
put value outputted by a level detecting device 1n pro-
portion to an output voltage of the amplifying device.
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8. A dispersion compensation type optical signal receiving,

method, comprising the steps of:

a photoelectric converting step for converting an input
signal light inputted from a transmission line into an
clectric signal and amplifying the electric signal;

an electronic dispersion compensating step for electrically
compensating dispersion in the transmission line, tar-
geted at a recerving signal that corresponds to the mput
signal light that 1s converted into the electric signal and
amplified;

a signal reproducing step for reproducing a clock and data
from the receiving signal to which dispersion compen-
sation 1s performed; and

a variable optical attenuation step which 1s performed prior
to an execution of the photoelectric converting step to
control a power of the mput signal light based on an
output value which 1s 1n proportion to an output voltage
of the amplification, when the power of the input signal
light inputted to the photoelectrical converting device 1s
larger than a reference value with which an output
amplitude of the amplified electric signal does not satu-
rate.

9. A signal processing program for recerving an optical

signal, which allows a computer to execute:

a function of comparing a power of a detected iput signal
light that 1s inputted from an optical transmission line
with a reference value with which an output amplitude of
an electric signal converted from the mput signal light
does not saturate;

a Tunction of sending the mput signal light to a photoelec-
tric converting device when a power of the compared
input signal light 1s within the reference value; and

a Tunction of sending the mput signal light to a photoelec-
tric converting device after attenuating the power of the
input signal light to the reference value level when the
power of the compared put signal light 1s over the
reference value with which the output amplitude of the
clectric signal converted from the imnput signal light does
not saturate.
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